Driven by our long-standing interest in identifying proteins of the immune system and in characterizing processes involved in lymphocyte differentiation, we studied protein expression in biosynthetically labeled fetal and newborn thymus by 2D gel electrophoresis. Autoradiographs of the gels were scanned with a densitometer and image analysis was performed using the Kepler system. Calibrated polypeptide spot abundances (volumes) were compared to assesses qualitative and quantitative changes of the spot volumes. Among over 300 proteins evaluated at GD (gestation day) 13,15, and 17, there were sets of proteins that increased and others that decreased in intensity. We could in addition recognize proteins that were completely absent at GD 13 and/or 15 and that appeared thereafter to gradually increase in intensity. Conversely, various polypeptide spots present at early stages (at GD 13 and 15) disappear later (at GD 17 or at birth). Among the proteins that increase in intensity prevail molecules with masses less than 35 kD, whereas a considerable portion of those that decrease in intensity are characterized by masses above 60 kD. Spots reported in this communication were not defined beyond tagging them with numbers, which is a prerequisite to follow them up in the proteinpaedia developed in our laboratory. The next step will be to retrieve the coding sequences from the existing partitioned cDNA library (BW 5147) as well as from thymocyte subtraction libraries. We predict that among those polypeptides with varying intensity, important regulatory proteins in thymus development will be found.
INTRODUCTION
The thymus is the central organ for the differentiation and maturation of T lymphocytes. In murine embryogenesis, the thymus anlage originates from endodermal and ectodermal epithelial tissue, separating from the third pharyngeal arch around day 9 of gestation (GD 9). New vascularization and innervation takes place in the thymus anlage after its descent into the mediastinum. At approximately GD 11, dendritic cells and lymphoid precursor cells begin to immigrate and to colonize the thymus anlage. Thymic epithelial cells followed by dendritic cells are then among the first cells in the fetus to express MHC antigens. The immigrating lymphoid precursor cells as well as the sequence of their maturation in the thymus--including early initial phenotypic changes, rearrangement and expression of specific *Corresponding author. receptors, selection and differentiationnhave been well described (Scollay, 1980; Boyd and Hugo, 1991;  Van Ewijk et al., 1994; Kisielow and von Boehmer, 1995) . By GD 18, the first mature T-cell receptor positive cells emigrate from the thymus (Scollay and Godfrey, 1995; Tough and Sprent, 1995) and populate the peripheral lymphoid organs. Although intensive cellular and paracrine interactions guide the differentiation and maturation of the thymocytes, only few of the participating intracellular regulatory elements are described (Ivanov et al., 1993; Sen et al., 1994; Xie and Palacios, 1994) . Therefore, a more complete knowledge of the molecules involved will be necessary to understand both the normal regulation and defective mechanisms occurring in T-cell development.
In the work described in this paper, we analyzed preparations of total proteins from embryonic and neonatal thymus tissue by 2D gel electrophoresis. Typically, this technique allows the study of several hundred polypeptides in a single experimental run 54 J.R. FREY, K.U. HARTMANN, and I. LEFKOVITS collectively (Anderson and Anderson, 1978) . Apart from qualitative aspects of the information, the emphasis of our study was on the quantitative assessment of the kinetic behavior of thymic proteins in the mouse between GD 13 and birth. To achieve this, we used computer-aided image analysis of the autoradiographs as described elsewhere (Anderson and Anderson, 1978 ; Lefkovits et al., 1988 ; Lefkovits et al., 1995a) . (Jotereau et al., 1987; Imhof et al., 1991; Palacios and Samaridis, 1991) and dendritic (Ardavin et al., 1993) (Fig. 8B) . In Fig. 8C , eight spots are represented that appear only at GD 15 and increase thereafter. The converse set of spots that is decreasing from GD 13 to 17 and lacking at birth was already considered as a subset of those data forming the image in Fig. 4A .
RESULTS
In Table 1 , quantitative information on the spots from all four patterns is presented. The number of detected spots varies throughout the whole observation period (range 429 to 550), and because some spots appear and others disappear, the total number of spots in the master pattern is considerably higher (764) Fig. 3 As can be seen in Table 1 , the number of spots common to all four patterns (272) here those spots that are missing at GD 13 and appear thereafter and then increase in intensity, or alternatively spots that decrease from GD 13 to GD 15 and disappear thereafter, the previously mentioned percentages would be higher (16% for both, increasing and decreasing proteins). In the calculations are only those spots considered that are present on at least two consecutive days of measurement. A considerable portion of spots does not fulfill this criterion; spots present on one gestation day only might be of great importance (and information on them is stored in our database), but we disregard them at present, because there is a chance that some of these spots might be artifactual (improper spot modeling by Kepler software) or nonreproducible. For the same reasons, it is not justifiable to interpret those spots that are present on GD 13, absent on GD 15, and present again on GD 17. In future analyses, it might turn out that some of these spots belong to the category of "increasing" or "decreasing" spots; thus, the percentages that we give here are minimal estimates. We anticipate that once having switched (from the carrier ampholytes) to the immobilized pH gradients (Righetti et al., 1988) , we will be able to match an even greater number of spots on a single gel. As our estimates are conservative, we believe that the subsets of spots that fulfill the criterion of increasing or decreasing, 16% in both cases, throughout the entire observation period is highly meaningful. Based on the sets of spots with varying intensity detected in our study, we predict that a large number of additional regulatory molecules important in thymic development will be found. We believe that the finding of sets of proteins that are up-or system. These studies will involve the use of a database under development in our laboratory that will contain the electrophoretic 2D gel patterns of lymphocyte proteins, the so-called proteinpaedia Kettman et al., 1994) . We will also proceed with the next stage of the project, namely, to attempt to retrieve and to characterize the coding sequences of the spots identified throughout this work. First, we will make use of our existing cDNA library that was established from BW 5147 cells and we will retrieve at least some of the cDNA clones, those that are shared between thymocytes and the BW 5147 source. Second, we will prepare subtraction libraries of GD 13 and 17 thymocytes, distribute the clones within an ordered library (Lefkovits et al., 1995a) and identify the clones by procedures as described earlier Lefkovits et al., 1995b) . Based on the sets of spots with varying intensity detected in our study, we predict that a large number of additional regulatory molecules important in thymic development will be found.
MATERIALS AND METHODS
Mice BALB/c mice received from the Institut f/Jr medizinische Forschung (F/illinsdorf, Switzerland) were used in all experiments described. Thymuses were dissected from newborn animals and from fetuses at GD 13, 15, and 17; day 0 was considered the day of appearance of a vaginal plug. The tissue was used for cryosections and to perform biosynthetic labeling.
Immunohistochemistry
Cryosections were prepared from whole fetuses at GD 13, 15, and 17 and were stained with either antiThy-1 (30H12) or anti-MHC class II (P7/7) antibody. The detection was performed by biotinylated goatanti-rat Ig and streptavidin-peroxidase according to techniques described (Hartmann et al., 1989 (Pluschke and Lefkovits, 1990 
